Abstract. The All-Sky Monitor (ASM) on RXTE can provide useful scienti c data to the astrophysics community for the investigation of gamma-ray bursts. We are developing two complementary methods by which the ASM searches for the X-ray counterparts to gamma-ray bursts: (1) we determine whether or not a BATSE location as delivered through the GCN is scanned by the ASM at or shortly after the BATSE trigger time, and (2) we search for transient events in ASM time-series data that correspond to new sources in ASM position histogram data. On 1997 August 15, we were able to determine an arcminute position within 12 h of trigger. On 1997 August 28, we released a position in 2 h, enabling the RXTE/PCA, 4-m Herschel telescope, and the VLA to be on target within 4 h of the burst. We present position and timing information on GRB 970815 and GRB 970828, comparing the ASM and BATSE data.
INTRODUCTION
The eld of gamma-ray burst (GRB) studies has undergone a revolution in the last year. Rapidly determined and accurately localized GRB-associated Xray ashes detected with the Italian-Dutch satellite Beppo-SAX (e.g. 2]) have led to the rst detections of GRB counterparts at longer wavelengths. So far, two optical counterparts (GRB 970228 13] and GRB 970508 3,1]), and one radio counterpart (GRB 970508 4]) have been found due to Beppo-SAX GRB positions. These results are nally enabling theorists to test their predictions. Wijers, Rees, & M esz aros 15] conclude that the afterglow from GRB 970228 is consistent with the expected emission from an expanding relativistic reball at cosmological distances. Waxman 14] reaches the same conclusion for GRB 970508. Indeed, observations of the optical counterpart of GRB 970508 showed absorption lines at z = 0:83 and no Lyman-forest, strong evidence for a cosmological origin at 0:83 < z < 2:3 9].
These successes were made possible by the rapid (a few hours) reduction of the X-ray data and quick followup ( 1 day) by both space-and groundbased observatories. Further progress in all areas of GRB investigation now depends primarily on the rapid and accurate determination of the positions of more GRBs, so as to quickly bring the source positions under the scrutiny of powerful X-ray, optical, and radio telescopes.
INSTRUMENTATION AND ANALYSIS
The All-Sky Monitor (ASM) on the Rossi X-ray Timing Explorer (RXTE) scans the sky in the 2 ? 12 keV band. It can provide timely and accurate position information about senedipitously observed GRBs. The ASM consists of three Scanning Shadow Cameras (SSCs) mounted on a motorized rotation drive. Each SSC contains a Position-Sensitive Proportional Counter (PSPC) that views a 12 110 (FWZI) eld through a coded aperture. The PSPC is used to the shadow patterns cast by X-ray sources within the eld of view
Histograms of counts as a function of position are accumulated over 90-s intervals, called \dwells", during which the camera aspect remains stationary. The drive rotates the SSC assembly through 6 between dwells. The instrument thus provides a set of position histograms for each dwell that can be cross-correlated with the expected response to derive source intensities and FIGURE 1. Position determinations of GRB 970815 (left) and GRB 970828 (right) by the ASM, BATSE, and Ulysses. The ASM ellipses re ect a 90% con dence contour, and the IPN annuli are 3-. Both regions shown are inside their respective BATSE 1-error circles. Also shown are the ASCA ) and ROSAT (Greiner et al. 1997 ) position determinations of GRB 970828.
locations. In addition to these position histograms, there are multiple time series (MTS) data that record X-ray-like events as well as several coincidence and background rates with 1/8-s time resolution.
We currently search for X-ray counterparts to GRBs using two techniques, which we plan to integrate into a self-su cient automatic system. Upon the receipt of a gamma-ray burst alert from the Gamma-ray Burst Coordinate Network (GCN), automatic software compares the time and position information from BATSE against the ASM observing plan. If the error circle lies within the ASM FOV, or if the ASM scans across the burst circle within 1000 s, alerts are generated, and the appropriate ASM position and timing data streams are searched for signs of a new transient source. We are also implementing a regular search of all ASM data in realtime for bursts not detected by BATSE.
For a single-camera detection of emission from a point source, the crosscorrelation technique can constrain the source position to a box a few degrees by a few arcminutes in size. However, in cases of multiple-camera detections, the source may be localized to a much smaller region. The centers of the elds of view of SSC nos. 1 and 2 are approximately coaligned perpendicular to the ASM rotation axis. The long axes of their FOVs are tilted by +12 and -12 relative to the rotation axis. The center of the FOV of SSC 3 is pointed parallel to the rotation axis. Therefore, detections in multiple cameras (or multiple consecutive detections in SSC 3) result in a diamond-shaped intersection of the single-camera position boxes.
The GRB location can be further constrained to an ellipse by mapping the contours of the 2 statistic that are derived from joint ts to both cameras for trial positions covering the diamond. Applying this procedure to bright Xray sources with well-known positions allowed us to estimate the systematic error of this technique to be 2:0 0 along the major axis and 0:8 0 along the minor axis. These numbers are then added in quadrature to the ellipse determined from the statistical analysis of the burst data to generate a nal 90% con dence interval.
RESULTS
GRB 970815, as observed by BATSE, showed a triple-peaked structure lasting 200 s from the time of trigger at 12:07:04 (UT), with the peaks dropping in intensity (25-300 keV). Eighteen seconds after the BATSE trigger, the ASM rotated so that the decay from the rst peak was observed by SSC 2. A second rotation brought the burst into the elds of view of both SSCs 1 and 2, in time to view the second and third peaks. A third rotation moved the source out of the FOV of SSC 2, but it remained near the edge of the FOV of SSC 1 for a further 90 s. Although the peak X-ray intensity increased from the second to third peaks, there is no evidence for a fourth X-ray peak above a 1-limit of 540 mCrab. (See Figure 2, left side) .
GRB 970828 showed a rich structure in its variability in gamma-rays, starting with a rapid rise at 17:44:37 (UT). The ASM was able to observe it during the rst 40 s of the rise and then again for 90 s at the tail (Figure 2 , right side).
Detections in two SSCs allowed us to determine the position of these GRBs to within 90% con dence ellipses of a few arcminutes in size. These ellipses are consistent with the BATSE 1-error circles and were later veri ed by the Interplanetary Network's (IPN) triangulated annuli (Figure 1 ). In the case of GRB 970815, the ASM ellipse has a semi-major axis of 2:2 0 and a semi-minor axis of 0:65 0 and is centered at R.A. = 16h08m26.0s, Decl. = +81 30 0 37 00 (all coordinates are given in equinox J2000.0). A preliminary position roughly twice the area of the ellipse was released over the GCN within 12 h of the burst trigger. The BATSE 1-total error radius is 2 around R.A. = 15h37m57.6s, Decl. = +81 42 0 00 00 . The IPN annulus is 3:3 0 wide. ASCA observed this region and found no sources above 10 ?13 ergs cm ?2 s ?1 within the ASM error box. They did nd a source 1 0 to the west, at R.A. = 16h06m54s, Decl. = +81 30 0 34 00 (error radius 1 0 ), but it showed no signs of decaying over their 46 ks observation 10]. The two ASM detections of GRB 970828 yield an ellipse with a semi-major axis of 2:5 0 and a semi-minor axis of 1:0 0 , centered at R.A. = 18h08m28.8s, Decl. = +59 18 0 00 00 . The BATSE 1-total error radius is 2 around R.A. = 18h08m32.2s, Decl. = +59 18 0 54 00 . The IPN annulus is 3:2 0 wide. In this case, we were able to reduce the delay time in determining the position via the ASM to roughly two hours. This enabled the Proportional Counter Array (PCA) on RXTE, the 4-m Herschel telescope, and the VLA to all observe this source within 4 h of trigger. The PCA con rmed our location but was unable to improve the position 8]. No optical or radio counterparts were detected down to 24.5 mag 12]. ASCA reported observing a fading X-ray source at R.A. = 18h08m32.2s, Decl. = +59 18 0 54 00 , with a radius of 0:5 0 between 1.2 d and 2.1 d after trigger 11]. Further observations by ROSAT led to the report of a source at R.A. = 18h08m31.7s and Decl. = +59 18 0 50 00 (error radius 10 00 ), whose intensity was consistent with a power-law decay from the previous observations 5].
CONCLUSIONS
The All-Sky Monitor has proven itself to be a useful and accurate tool for the rapid localization of a modest number of gamma-ray bursts. Although no counterparts were found in other wavelength bands in the cases of GRB 970815 and GRB 970828, the rapid response allowed for strong upper limits to be placed on afterglow emission, placing constraints on theories of burst origin 6]. When our full detection system is on-line, we expect to be able to provide GRB positions over the GCN within 15-60 minutes.
